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RACKC ROUND 


In ita moat baaic iorm a fuel cell ia a static electrochemical device 
that converts continuously fed fuel and oxidant to water, heat, and moat 
importantly DC electric power. A fuel cell, like a battery, is composed of 
two electrodes (an anode and a cathode) where the reections take place aepa» 
rated by a reservoir of electrolyte that allows ions to flow between the two 
electrodes. The civ^uit is completed by connecting an external load across 
the two electrodes. What differentiates a fuel cell from a battery is that 
in a fuel cell the reactants are continuously fed to the electrodes whose 
function is to provide a surface upon which the reactions occur. In a bat- 
tery the electrodes are chemically changed as the reactions occur and must 
be restored (a seconoary battery) or are simply used up (a primary battery). 

The various of fuel cells are distinguishea by their electrolyte, 

as shown in Fig. 1, which plots cell voltage, a measure of efficiency, 
against cell operating temperature for all fuel cell types that are present- 
ly under development for ccnranercial applications. A perfectly clficient 
cell is shown for comparison. Even though phosphoric acid cells have the 
lowest efficiency of the fuel cell types shown, they are the subject of much 
of the current develo|xnent work. This can be explained by their having the 
best combination of proven cell life, tolerance to impurities in the fuel 
and oxidant, low cost, and proven manufacturability. 

On a national basis several public and quasi-public agencies support 
three potential fuel cell manufacturers tor multikilowatt and multimegawatt 
systems, and several smaller corporations tor basic research. Multikilowatt 
systems (particularly on-site integrated energy systems that use both the 
electricity and waste heat from the fuel cell) are appropriate for residen- 
tial, commercial and small industrial applications. Currently United Tech- 
nologies Corporation (UTC) ana Engelhard Industries are developing these 
systems. Hult imegawatt systems are appropriate tor electric utility and 
industrial cogeneration. Westinghouse Electric Corporation ana UTC are 
currently developing systems for these applications. 

In this paper a review of the status of the major phosphoric acid fuel 
cell development efforts is presented. In both the electric utility and 
on-site applications reducing cost ana increasing reliability are the tech- 
nology drivers at this time. The longstanding barrier to the attainment of 
these goals, which manifests itself in a number of ways, is materials. The 
differences in approach among the three major participants and their unique 
technological features, including electrodes, matrices, intercell cooling, 
bipolar/separator plates, electrolyte management, fuel selection and system 
design philosophy are discussed for each manufacturer and system. 



UTC OM-biTi SYSTEM 


In the late 19b0'a a group ot gaa utilitiea bacaaia intereated in the 
developaient of a fuel cell power plant for raaidential and coBMercial appli- 
cationa. They toraied the Teaai to Advance Gaa Energy Tranatonuat ion (TARGEl ) 
which, together with Ul'C, developed a natural gaa-fueled 12. b kh power 
plant. Theae power planta were field taated at ib aitea in the U.S. and 
abroad, and accuaiulated a total ot 205,000 houra. In addition to advancing 
fuel cell technology the TARGET prograai inveatigated the market opportuni- 
tiea and requirementa , the legal and regulatory iaauea, and the requirementa 
thaae placed on the fuel cell power plant. 

by the early 1970* a the TARGET eaperienca indicated that aoeie deaign 
changea a>,id technology advancea were required. A maaaive coaaaercial intro- 
duction waa aaauned; thia reaulted in apecitying a 40 kW power plant aa the 
firat in a catalogue conaiating of aiany aiaea ot power planta. It waa de- 
aigned to uae the whole range ot pipeline quality gaa, including propane/air 
peak ahave and high aulfur gaa, and to produce grid quality power in a 
atand-alone, load tol lowing mode . Thia repreaenta the current atate-of-the- 
art at UTC for unpreaaur iced power planta and ia the unit to be uaed in the 
40 kW field teat. 

A aimplitied achematic ot the 40 kU power plant ia ahown in Ftg. 2. 
Pipeline gaa entera the power plant and firat goea to the fuel clean-up aya- 
teai where oxygen, aulfur, and halogena are removed and unaaturated hydro- 
carbona are broken down. Steam ia then added to the cleaned fuel ana it ia 
reacted in a reformer to form a hydrogen, carbon dioxide and carbon monoxide 
rich atream. Thia atream ia aent to a ahilt converter to react the carbon 
monoxide and ateam to further increaae the hydrogen yield. Thia hydrogen- 
rich atream ia aent to the anode, where moat inormally SOX) of the hydrogen 
ia conaumed. The reat ia aent back to the reformer, where it ia burned to 
provide heat to the endothemic reforming reaction. Air ia ducted to the 
reformer burner and to the fuel cell cathode. At the cathode, oxygen ia 
conaumed and the product water ia produced. The water-rich cathode exhauat 
atream and the reformer burner exhauat, which alao containa water vapor, are 
combined and paaaed through a aeriea of condenaera. The water recovered in 
the condenaera ia uaed aa makeup tor the coolant ayatema. The fuel cell 
atack ia cooled by a circulating water ayatem. hater near the boiling point 
entera and ia partially vaporiaed aa it paaaea through the atack. Steam ia 
taken off in a aeparator and uaed in the refonner. Make-up water cornea from 
the condenaer, ao the power plant ia water aelf-auf f icient. 

Cell Stack 


The heart of any fuel cell power plant ia the atack of individual cella 
that produce OC power. It ia alao where one of the major technology im- 
provementa occurred lor the 40 kW powei plant. The advanced cell atructure 
concept, commonly called the integral ribbed aubatrate, ia UTC 'a approach to 
lowering cell atack coat ana, aimultaneoualy , increaaing electrolyte atorage 
capacity over their older compreaaion molded configuration. The ribbed aub- 
atrate, ahown in Fig. 3, conaiata of a poroua grooved (ribbed) material that 
ia compoaed of graphite fibera and a binder. It ia poroua to allow for gaa 
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diffusion iroai the groovt, which carries the bulk rssctsnt flow, to the 
unribbsd aids where the electrode is located. The pores era also used to 
store sufficient electrolyte for the fuel cell operating life. The steps in 
sianutacturing and aasmsbling a fuel cell stack arc as follows: 

(1) The substrate is continuously foraied troai a mixture of graphite fibers 
and resin binder. Extra fibers and resin are deposited at tha edges to 
fora a dense seal area. Tha substrate is coaipressed and heated suffi- 
ciently to set the resin, then individual substrates are cut off the 

sheet . 

(2) The substrate is heat-treated in an inert atmosphere to decompose the 
resin, thus making the substrate more corrosion resistant and porous. 

(3) The electrocatalyst and electrolyte matrix are applied to one face of 
the substrate in successive operations. 

(4) The grooves are cut in the substrate on the side opposite the electrode 
and matrix. This completes the manufacture of s halt cell, either anode 
or cathode. 

(5) A single cell is made by stacking two half cells together with matrix 
aides facing and ribs perpendicular. The ribs are perpendicular ao that 
the fuel and air can be in cross flow. A fuel cell stack is made by 
stacking single cells with a gas impermeable separator between each 
single cell. 

Current R&D activities in the stack area are to find lower cost mate- 
rials, develop a manufacturing process that continuously molds the grooves 
in the unheat-treated substrate (thus eliminate step 4 above), and develop a 
dual porosity substrate that will hold more electrolyte without increasing 
gas diffusion resistance. 

Stack Cooling 

A fuel cell stack must be cooled to remove the excess heat of reaction. 
UTC uses two phase water as the coolant and employs intercell coolers placed 
between each set of five cells in the stack. A cooler conaists of an array 
of thin wall copper tubing imbedded in a conforming holde* which is similar 
in composition to the ribbed substrate. The copper tubes must be coated 
with a thin protective film of PFA (a leflon-type material) to prevent 
corrosion from the phosphoric acid that migrates into the cooler. 

Two-phas'^ water is a good choice for a cooling medium for several rea- 
sons. The temperature profile across the stack is very uniform since the 
cooling is provided by constant temperature vaporisation of the coolant, 
rather than by a temperature increase of the coolant. Since both fuel cell 
performance and all life-limiting proceases are directly proportional to 
temperature, a flat temperature profile will give the beat compromise 
between highest performance and longest life. The other advantage of two- 
phase wster is that the steam can be uaed directly to raise the pressure of 
the fuel (via an injector) and then as a reactant in the steam reformer. 
Other cooling schemes require a separate steam boiler. 
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Th« chief diiadvantag* of thi* type of intcrcell cooler ie ite reletive- 
ly high aenufectured coet# This ie coapounded by the need for additional 
coolera to provide the extra heat traneter area needed because of the low 
conductivity of the PFA coating. The probability of cooler failure due to a 
breech of the PFA film and eubeequent corrosion of the copper has not yet 
been established. Considerable test tiae has been accuaulsted on two 
partial stacks (24 cells) and a full stack (270 cells) with only one tube 
fsilure. This failure was traced to mechanical damage to the PFA coating. 

As a result of the fsilure the coating thickness has been increased and 
procedures have been established to avoid handling damage. 

Future cooler RAD will concentrate on improving the integrity of the PFA 
coating or preferably eliminating the PFA entirely by either totally en- 
capsulating the cooler to keep acid away from the copper or finding an 
acceptable coating with better heat transfer than PFA. 

40 kW Field Test Power Plant 


The UTC OS/IES 40 kW system has a number of unique characteribtica . 

It is designed to handle not only natural gas but also peak-shaved gases 
which contain typically oxygen • propane and propylene. The power plant is 
designed to deliver electrfcsl power and hot water as the heat recovery 
fluid. Utilisation of the heat is to be the responsibility of the user. 

The Field Test will be carried out in two stages to permit incorpora- 
tion of technology advances (generated by parallel technology development 
efforts) into the power plants being tested. However, there will be no 
break (of greater than a few months) in the manufacturing effort as a result 
of this staging 

Prior to each Field Test stage, the plan csi '.s for final selections of 
the technology to be incorporated as well as the necessary power plant 
design modification to incorporate the changes. For the Stage 1 Field Test 
the technology expected to be ready includes the technology currently under 
development under the extension to the Preprototype EAD work. For the Stage 
11 Field Test, additional technology stemming from the planned Technology 
Development work is expected to be ready for incorporation. 

A substantial number of power plants is to be tested in each stage of 
the Field Test by a large group of gas utilities, combined utilities, and a 
few electric utilities. The precise number in each stage will be determined 
as soon as budget and other considerations are settled. 

The power plants will be installed over a range of attractive early 
entry applications and geographical areas to acquire data covering represen- 
tative variations in electrical and thermal load use patterns, energy system 
configurations, climate, competitive service economics, and institutional, 
legal and regulatory matters. The installations are to include a variety of 
multi-unit residential, coranercial, and light industrial applications. The 
operating goal for each of the power plants is a minimum of 8000 hours. 
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UTC iUCTRIC UTILITY PKOCKAM 


This progrM is a continuaeion ot Cha Pual Call llactric Utility Prograai 
initiatad in 1971 by IPtl, a group of nina alactric utilitias (tha FCC-l 
group) I and U1C to davalop fual call powar plants for tarrastrial pouar 
ganaration. Tuo suijor nilastonas hava baan achiavad thus tar: (1) a 1 HW 
"braadboard" powar plant configuration was tasted at UTC in 1977, and 

(2) a 4.8 MW "praprototypa" powar plant has baan tsbricatad and inatallad 

for tiald toot st a Consolidatad Edison; Now York City site. Tha goal of 
tha present prograsi is to advance tha pt^ar plant technology to the “proto- 
type" level of davalopaiant. Tha plan to acconplish this is conprisad of 
three alaaants: (1) Prototype Powar Plant Technology Davalopaiant and 

Verification, (2) Prototype Powar Plant Engineering and Design, and 

(3) Initial Coamarcial Market Davalopaiant. Tha cost of tha Technology 
Developnent and Verification, and the Engineering and Design portions of tha 
progrsn will be borne by tha govarnaiant, BPRl and UTC while tha devalopaient 
ot the Initial Coanarcicl Market will be tha responsibility of UTC and tha 
ultinste users, tha electric utilitias. 

Tha plan is to build upon tha currant UTC 4.6 MW utility powar pUnt 
technology which is sinilar to that used in tha on-site progrsn but operated 
at 50 psi tor greater efficiency and evolve s design which has the effi- 
ciency and manufacturing cost characteristics naadad to attain prototype 
development statue. These include an 8300 BTU/kWh heat rata, lo attain 
these goals technology development will be required on several of tha powar 
plant subsystems, however, the pacing technology development will be that 
done on the cell and stack. The main aspects of this work will involve 
increasing the operating pressure and temperature from tha 4.6 MW level of 
50 psi and 375* F to 150 psia, 405* F and to increase tha call planar area 
from tha 4.8 MW sise of 3.7 ft^ to 10 ft^, while keeping tha 40,000 h 
life goal intact. 

The plan philosophy with respect t.o fuel is that the power plant must ba 
designed to operate on available fuels which, in the near term, will con- 
tinue to be naphtha and natural gas. In addition, however, tha power plant 
must have the capability to handle the simpler coal-derived fuels (CDFs) 
such as medium BTU gas. 

In the Technology Development and Verification Testing phase of the 
program, evolutionary development is well underway on the basic integral 
ribbed substrate cell, the objective being to improve cell performance and 
endurance at 120 psia, 405* F. This activity has been focused on materials 
work and cell component technology for the 3.7 ft^ cell sice followed by 
verification testing in 20-cell, short stacks. 

At 120 psia, 405* F, and 232 ASF, 2“ x 2“ subscsle cells have achieved 
an initial performance inev-esse ot up to 100 mV compared to older type cells 
operating at 50 psia, 375* F, and 232 ASF. However, as expected, the higher 
temperatures and, to a lesser extent, pressures also cause an acceleration 
in the decay rates. In the UTC power plant system, increasing pressure 
without increasing temperature is not possible because of the inter- 
dependence of cell coolant and reformer conditions. Progress has been made 
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at reducing the sharp cell perforaiancc decay rata occurring during high 
teaipcralure and pressure operation. The initial, rapid rate ot ducay has 
been reduced iron 60 mV per 1000 hours to approKiaiately 12 mV per 1000 
houra, which is the 4.8 MW decay rate at 50 paia (see Pig. 4). The develop- 
ment associated with maintaining this low decay rate tor very long times is 
now in process. This eflort is in the atage at which the basic high tem- 
perature and pressure technology has been established and is in the process 
of being fine-tuned to provide the required endurance. Some progress toward 
this goal has been achieved. 

Recently, 2" x 2" subacalc cells have been successtully tested at 
120 paia and 403* F tor periods ot up to 3000 hours at performance levels 
123 mV higher than the performance projected tor the 4.8 MW, 30 psi and 
373* F power plant. Also, 20-cell, 3.7 ft^ stack tests have attained 
these same high performance levels for periods up to 1300 hours. Both the 
2" X 2" cells and the 20-cell stacks have matched the 4.8 hW performance 
decay projection ot 12 mV/ 1000 hours over the periods tested. 

The higher pressure/ temperature performance capabilities that will be 
achieved in subscale 3.7 sq ft cells must be scaled up to 10 sq tt to 
achieve the cost rediction benetits of large area cells, lo accomplish 
this, low cost fabrication development will be conducted on large area cell 
components in conjunction witt: the traditional materials work/cell tech- 
nology development/ verification testing addressed to the large area 
configuration. 

Several other power plant subsystems will require development to evolve 
viable designs for the ancillary systems of a high pressure and temperature 
fuel cell. The subsystems requiring development are the thermal control 
heat exchangers, supervisory control system, and the fuel processing sys- 
tem. In the thermal control system, "contact cooling" will be developed to 
replace the costly formed plate condensers of the 4.6 MW power plant. The 
supervisory control system requires redesign and reoptimisation tor the new 
power plant operating conditions and the steam reformer of the fuel pro- 
cessor system must be reconfigured into an 11 MW unit. 

The Technology Development and Verification portion of the program will 
culminate with the complete verification of all the power plant components 
on the basis ot life, performance ana coot. In the same time frame the 
Engineering and Design effort, which was initiated in parallel with the 
Technology Development phase, will have evolved a preliminary power plant 
specification and preliminary design. Kith this plus the results of the 
Technology Development effort, the power plant design and specifications can 
be finalized, and the users and UTC can undertake the Market Development 
portion of the program. 

In the Market Development phase, activities will be conducted which are 
needed prior to making the first offering and the delivery ot the first 
limited production power plants. The activities conducted by the manufac- 
turer and utilities include preparation of accurate production cost esti- 
mates, assessment of the market for the initial fuel cells, preparation of 
the manufacturing facilities, and determination ot pricing policies. 
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WIST IIWHOUSE/ Mac lUCTtIC UTIim mOCRAM 


The Wcitinghoua* tlcctric utility protraa evolved fro« e joint 
Weitinghouse/lnergy Reeeerch Corporetion (IRC) progrM to develop on-eite 
power plante. In this progrea IRC developed the basic electrocheaical coa- 
ponents and did the basic research required to design a steaa raforaer tor 
natural gas. Westinghouse provided engineering and design tor the total 
energy systea and was to have provided the aanuiacturing capability. The 
on>site prograa had to be dropped by DOE due Lo funding constraints, but all 
of IRC's technology and auch of Westinghouse's preliainary design work has 
been used as the basis for the electric utility power plant. 

Stack Cooling 

Probably the aost iaportant innovation of the IRC technology prograa is 
the gas cooling aethod. One of these, the DIGAS method distributes process 
air to both the cathodes (via bipolar pistes) and to special cooling 
plates. The total amount of air that is required for reaction plus that 
required for cooling is supplied to the air inlet manifold. The air then 
flows through the cell via both the cathode flow (cathodic) channels of the 
bipolar plate and the channels of a special cooling plate. All of the air 
is collected in s common exit manifold and flows to an external loop where 
heat is removed, some of the oxygen depleted air is purged, and fresh air is 
added such that steady operation is maintainea. 

Since the cathodic channels of the bipolar plates and the cooling plate 
channels are parallel paths for air, the How split is determined by the 
relative cross-sectional area, that ia, relative resistance, of the cathode 
and cooling channels. A typical design is a 10:1 split with three times the 
stoichiometrically required amount (3 atoichs) of cathode air going to the 
cells and 30 atoichs of air going to the cooling plates. 

Table I displays ERC's comparison of DICAS and aeparate gas cooling to 
the two other commonly accepted cooling roethoos, process gas cooling and 
liquid cooling, performed under contract to DOE. The estimates arc based on 
selected configurations of the three cooling methoos. No effort was made to 
optimise any of them, however, all systems are reasonable and are consistent 
for comparison purposes. For any system chosen by a particular manufac- 
turer, some optimisation of the values presented in Table 1 may be ex- 
pected Each of the system's features will now be discussed. 

Construction Simplicity 

DIGAS cooling is relatively simple. Depending on stack operating condi- 
tions, at regular intervals a coolirq plate is added to the stack of cells 
in the same manner as a bipolar plate is stacked. No special manifolding, 
connections or seals are required. 

Process gas cooling is the simplest of all. There are no special cool- 
ing plates or stacking procedures needed. Seversl times the stoichiometric 
requirement of cool air is supplied to the stack. All the air flows through 
the cathodic channels of the bipolar plate. Upon exiting t' f stack, the air 
can be vented or recycled as in the DIGAS method. 
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S«p«rat« gas cooling (ass Figt 5)» tha aUarnaCt to OICAS, kctps tha 
cathodic raactant air aaparata froai tha cooling systaa gas (aifi haliuM, 
ate.). This iaprovas alactrical parfonaanca dua to highar O2 concantra- 
tion ot tha cathoda as t#all as raducing tha naad for acid raaiatant hast 
axchangara in tha cooling atraaa. Saparata gas cooling using air has baan 
sa lac tad for tha blast inghouaa prograas. 

Liquid cooling is by far tha aost coaplax and axpansiva. It involvaa 
passing a liquid coolant through apacial cooling plataa inaartao at regular 
intarvals in tha stack. Tha coolant aay raaain in tha liquid phaaa at all 
tiaaa using only its aanaibla hast to cool tha stack, or tha coolant aay 
partially vaporixa, putting prassura on tha systaa, using latent hast for 
part of the cooling load. The coolant aust be either separately aanifoldad, 
or supply lines auat be conntetad to each individual cooling plate. 

Standard hast transfer aataiala, auch as copper or aluainua, are corroded 
by phosphoric acid, and aust be protected if they are to be uaad. Standard, 
inexpanaive fuel call aatarials auch as graphite or graphite/ resin coa- 
poaitca praaant difficulties in scaling and asking connections. Finally, 
the liquid itself and coolant lines, if electrically conductive, provide a 
possible shorting path in the cell (shunt currents result in parasitic 
losses). In the UTC two-*phase water cooling method, water treataant to 
reduce alactrical conductivity is required. 

Electrolyte Loss 

Since Che vapor pressure of phosphoric acid (hence electrolyte loss) is 
a weak function of temperature, the main consideration hare is the amount ot 
gas flowing past the electrodes to carry off electrolyte. In both gas and 
liquid cooling methods, a small excess of reactants flow past the elec- 
trodes, while in a process gas cooled stack all the cooling air must pass 
the electrodes. Process gas cooling has the highest electrolyte loss which 
translates into the shortest life or Che shortest time between alacCrolyte 
replenishment. No contractors plan Co use process gas cooling. 

Reliability 


For gas cooling, reliability is high since there is no special cooling 
fluid and no complex manifolding or ccnnections. host sir leaks probably 
can be ignored. A leak in a liquid cooling aystem could cauae a ahutdown to 
allow for repair or replacement of the detective cooling plate. In addi- 
tion, the gas pressure is low compareo to the two-phase liquid system used 
by UTC. 

External Heat Exchange 

Heat recovery is by far best with a liquid or two-phaac liquid cooling 
system. Systems studies have indicated Chat satisfactory heat recovery is 
attainable with either of the recirculating air cooling systems. 
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Co«t CoapTiton 


This is «n sstiasts bsssd on Mtorisls usod and construction co«> 
plsKity* It raflacts the auitorisls and construction problsais of liquid 
cooling. 

Total Dittsrantisl Tfparaturs 

This concarns taaiparatura gradients across a fuel call stack. The total 
taaiparatura diffarantial.AT. batuaan any two points in tha stack contains 
two coaponantSi a gT in tha stack direction (perpendicular to both reactant 
flows) and a gT in the coolant flow direction (parallel to one reactant 
How). It is iaportsnt to Maintain tha stack toMperatura within a fairly 
narrow band. It tha taaparaturs drops too low, CO poisoning of tha anode 
catalyst bacoMss s problsM, and, if tha tSMpsrature is too high, the 
opersting lioit of the stack Materials is arrrteded. A cosaonly accepted 
operating range is between 350* and 400* V, Since every cell is cooled 
equally in tha process gas Method, there is no stacking oirection coMponant 
of the total gT. Also, since the coolant directly contacts every cell ano 
its tsMperature and flow rate cannot be independently controlled, the inlet 
area is cooled More than in other Methods. This accounts for the large gT 
in the flow direction. For both the gas and liquid cooling Methods, the 
ssMa nuMber of cells between cooling plates is assuMsd. This sets the 
stacking direction gT at 15* F for both systcMS. The difference in flow 
direction gT results froM the differences in liquid and gas heat transfer 
characteristics. 

Total Auxiliary P »wer 

These requireMents are Mainly a function of the aMount of coolant cir- 
culated and the cross-sectional area of the coolant passages. As expected, 
the power requireMents tor puMping a liquid coolant is quite smsH. Since 
all the cooling sir flows through the cathodic channels of the bipolar 
plate, the power requireaent is quite large for the process gas Method. 

Pressure Drop Across Cell 

This is a function of the sir flow through the cathodic channels of the 
bipolar plate. The ssMe amount of cathode air is required for both gas ano 
liquid cooling, hence the same pressure I'rop. The high pressure drop for 
process gas cooling reflects the high s'.t flow rate requirsd to satisfy both 
the cathode fuel cell reaction and the necessary cooling. 

Based on the above considerations, ERC has concluded that the gas cool- 
ing concept offers the best compromise between reliability, life-cycle cost, 
and heat recovery. 

Power requirements for DIGAS are less than that for process gas since a 
large fraction of the total air flows through large ares cooling channels. 
Separated gas could have a lower power requirement since the process air and 
cooling can be independently controlled. 
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Wcttinghout* haa recently aade e eiore detailed atudy of gaa cooling. 
Under DOI contract they developed a liaaped paraaater fuel cell atack 
ai«ula.;ion code that calculatea reactant gaa conpoaition, current-voltage 
characteriatica . and heat tranafer characteriatica for a gaa-cooled fuel 
cell atack. In the aiodel, the cell area ia broken down to a grid of finite 
eleeienta ao that power and heat generation can be calculated aa functiona of 
teeiperature and reactant coaipoaition , aa each variea froai point to point in 
a cell. 

Aa aientioned previoualy, one of the najor drawbacka of gaa-cocling ia a 
higher total differential atack teaiperature than that of liquid cooling. 
Weatinghouae haa redeaigned the gaa-cooling platea in an effort to reduce 
the differential teaiperature. Reaulta of the aiaiulation ahow that a 20* P 
differential teaiperature can be achieved with proper deaign. Thia coaiea 
cloae to what can be achieved with liquid cooling. 

Prograai Statue 

The Weatinghouae prograai ia at the point where moat of the enabling 
electrochemical component technology haa been developed. Preaently. the 
electrochemical componenta are being optimiacd for coat and life; baaic 
deaign and development are progreaaing for other power plant componenta, and 
an initial ayatem deaign effort ia complete. The moat unique characteriatic 
of the Weatinghouae power plant in that one of the reactant ganea , rather 
chan a liquid, ia uaed aa the atack coolant. An EPRI- funded atudy ahowed 
DIGAS cooling to be a feaaihle method of power pliant cooling, and that the 
power plant performance and cooling loop coata were aatiafactory . However, 
Weatinghouae will uae the aeparate gaa-cooling previoualy deacribed. For 
electrolyte management, an acid repleniahment ayatem haa been built into the 
fuel cell atack. Thia ayatem will alao accommodate acid volume changea due 
to differing operating conditiona. 

Weatinghouae, like UTC, plana to operate the power plant at moderate 
preaaure. The current year'a work will center on two areaa. The firat will 
be to better define Che power plant by developir ^ a conceptual deaign, 
including trade-off atudiea, leading to a preliminary apecif icaCion and a 
program requiremenCa document. The other area of work, currently in pro- 
ceaa, ia to evaluate the on-aite fuel cell componenta, including cooling 
ayatem, at the higher temperaturea and preaaurea under conaideration and to 
continue technology development aa required. 

ENGELHARD INDUSTRIES ON-SITE PROGRAM 

Engelhard contracted with DOE in 1976 to atudy aeveral fuel cell appli- 
cationa and to develop fuel cell stack technology. Their previoua experi- 
ence included building fuel cells for an Army lift truck development pro- 
gram, and building and marketing H 2 /O 2 laboratory-siae demonstration 
fuel cells. They also have an Army-funded fuel cell development contract. 
Engelhard has developed stack components, and has defined attractive appli- 
cations for the OS/IBS system conceptual design effort. The component 
development effort has resulted in aeveral unique approaches to fuel cell 
deaign. One area of innovation ia their bipolar plate, the device which 
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■•paratcs and diracta tha flow ot raactanta and providaa alactrical and 
thanuil conduction batwaan individual calla. Tha convantional bipolar plata 
ia a aingla piaca of conductiva aMtarial with raactant flow channala iithar 
aioldad or aiachinad into aithar aida. Ingalhard'a approach ia to aplit tha 
bipolar plata into thrao aactiona, an iaiparvtoua cantar aaction tor raactant 
aaparationi with an opan call foaai aaction, with or without channala, on 
aithar aida (for raactant flow). All aactiona ara aada froai organic pra> 
curaora that ara graphitiaad, than danailied. Thia procaaa ia vary compati- 
bla with BWiaa production and proaiiaaa conaidarabla coat aavinga ovar ona- 
piaca, bipolar plataa, which aiuat ba individually aoldad or oachinad. 
tngalhard haa alao davalopad a low coat cooling plata that can ba aMda ot 
convantional oatariala and fabricatad uaing convantional furnaca bracing 
tachniquaa. Tha coolant ia a dialactric liquid. Thia cooler oflara potan** 
tial coat reduction over other liquid ana abulliant liquid coolara. A coar 
plate S kU power plant, incorporating a laothanol rofonaar and a utility grid 
coaipatibla power procaaaor, haa bean built and taatad. Acid ■anagaaant 
capability that can accoasodata voluaia changaa during tranaianta, aa wall aa 
acid addition aa needed, haa bean incorporated. 

Tha unique faatur^a of the Engelhard OS/IES effort currently arc in tha 
following araac: (1/ davalopaiant of a fuel conditioner that will operate on 

methanol (methyl fuel); (2) novel bipolar plata approachea; .3) liquid 
intarcall cooling; and (4) matrix and electrolyte tranaport raaarvoir tach- 
nology. In tha currant two-year contract the clcctrocatalyaia taak ia aola- 
ly funded by Engelhard. Therefore, tho detaila of any unique clectro- 
catalyat dcvclopmenta arc proprietary. 

Fuel Procaaaing 

Methanol will be initially uacd in the Engelhard OS/IES. (The fuel 
choacn for the UTC OS/IES program waa natural gas.) Methanol aeloction 
waa based upon its projected availability Irosi coal in the 1990 time frame. 

A 5 kb methanol fuel proceaaor has been cojatructed . 

Bipolar Plates 

In the stack area, two novel bipolar approachea appear premia ing. Under 
aubcontract, Pfiscr is developing chemically resiatant carbon (vitreous 
carbon and/or graphite) structurca atarting with reticulated vitraoua car- 
bona or clothe. One of thaaa atructurea, the ao-callc>:( B clement, is im- 
permeable to gaa tranaport ano will aerve aa the bipolar aeparator plata 
connecting two adjacent cclla. Sac Fig. 6. (In the UTC ribbed aubatrata 
integral call concept, thia is UTC's separator plata.) The other structure, 
the ao-callad A clement, is porous to permit fuel or oxidiser transport to 
tha clcctrochemically active electrode areas (which could be on the A ele- 
ments). Graphite structures, using Pfiaer'a chemical vapor deposition tech- 
niques, arc being utilised Co help produce Che required properties in both A 
and B elements. The resulting bipolar plate consists of a B element sand- 
wiched between two A elements. In addition, electrolyte storage can be 
accommodated in Che A clement. 
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In tht ttcond approach, thin graphita plataa ara aaparatad by a gaa> 
iaipanaoable layer of a chaaically raaiatant aatarial (auch aa graphita.' that 
paraita aatiafactory alactrical and thanaal conductivity. Groovaa in aach 
plate will pamit reactant tranaport. If the graphita plataa ara poroua and 
connected auitably to the aiatrix, they can provide an alectrolyta raaarvoir 
for aiatrix rapleniahnent or for overflow volumaa raaulting fro* changing 
conditiona (volume tolerance). Savaral proniaing aMtarial combinationa are 
under teat. The Engelhard bipolar plate approach haa aoma aapacta in coaaaon 
with the UTC ribbed aubatrate integral call appi chea previoualy diacuaaed. 

Intarcall Cooling 

A brief diacuaaion of the liquid intarcall cnot....g approach employing a 
dielectric fluid, the Engelhard method, waa preaented previoualy in connec- 
tion with the Wcatinghouac/BRC cooling approach. The Engelhard daaign makaa 
uae of bafflea to provide good heat tranater control yet ia daaigned for 
eaac of fabrication. The protection of the aluminum cooler, ao it will hold 
up for the five year a tack life goal under the corroaiva acid environment of 
the fuel cell atack, ia believed to be aolvcd with auitable aaala. A aecono 
(back-up) deaign being developed incorporatea a chemically reaiatant fluiu 
tranaport member. 

Matrix 


The matrix effort emphaaixea materials capable of operating at tempara- 
turea up to 400* I, and conatruction that reaulta in gooo electrical and 
thermal conductivity, good tranaport (flow) propertiea, and aatiafactory 
reactant croaaover reaiatance. A thin SiC- fluorocarbon matrix that in- 
corporatea good electrolyte tranaport ia lamirated to each electrode. 

Electrolyte Management 

An acid repleniahment ayatem haa been built into the atack. Acid volume 
changea are alao handled by thia aytem. 

ADVANCED RESEARCH AND TECHNOLOGY 


The current focua ia on improving the air electrode (cathode) apecifi- 
cally vith ita aupported platinum or platinum alloy oxgen- reduct ion 
catalyat:, where moat of the fuel cell'a inefficiency liea. Improved 
catalyaia will re<iult in lower capital coata, lower operating coata, or a 
combination thereof, by balancing higher efficiency, higher power denaity, 
lower operating teroperaturea (longer life) and catalyat coata. Lower tem- 
perature operation could be deairable in order to lower materiala coata and 
to increaae cell life. Another goal ia to find a auitable, leaa expenaive 
relacement for Che platinum (Pt) catalyat material. 

In 19S1, DOE-aponaored reaearch haa been concerned with: 

1. Developing a more atable supported cathode catalyat. 

2 . Developing a more active supported platinum-baaed cathode catalyat. 
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3. D«v«loping • norc active aiul Mora inpur ity~raa iatant anode caCalyat* 
U> Developing a new non-platinum cathode catalyat. 

5. Determining the effecta ol anode impuritiea. 

6. Investigating accelerated aging testa and short term means of 
determining long term stability. 

7. Evaluating novel electrolytea . 

Host of thia research ia being conducted either by amall private companies , 
or at government or national laboratories. In addition, in the complemen- 
tary EPKl-aponsored program alternate acid electrolytes aie under 
investigation. 


CONCLUDING REMARKS 


Am part ol the nation's energy prograai, three major contractor or con- 
tractor teams (UTC, West inghouse/EKC , and Engelhard), active in the terres- 
trial phosphoric acid fuel cell Held, are receiving government support to 
develop commercial luel cell power plant systems, both UTC and h/EHC are 
working toward ccHisnercia Using luel cell power plants for electric utility 
applications. UTC and Engelhard are addressing the OS/ lES program. 

While similar in many respects, significant technological and system 
ditferancea exist among the three contractors. These include intercell 
cooling, bipolar/ separator plate, electrolyte management, materials ol con- 
struction, fuel selection, and system design philosophy. Phosphoric acid 
fuel coll technology/developmont ettorts tor both the electric utility and 
OS/IES applications are directed toward reducing cost and increasing 
reliablity. The longstanding barrier to the attainment of these goals, 
which manifests itself in a number of ways, has been materials. 

In addition, tor the electric utility application, UTC and Westinghouae 
are pursuing higher temperature and pressure operation. The initial perfor- 
mance gains due to higher temperature and pressure must be balanced against 
possible shorter life as well as the cost and periormance implications upon 
the balance of the system. 
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TABLE 1. • COMPARISON OF COOLING SCHEMES FOR PHOSPHORIC ACID FUEL CELL SYSTEM 


i 

DICAS or aeparate 
gaa cooling 

Proceaa-gaa 

cooling 

Liquid 

cooling 

1. Conitruction sinplicity 

Simple 

Simple 

Complex 

2. Electrolyte lose 

Low 

High 

Low 

3. Reliability 

High 

High 

Low 

4. External heat exchange 

Fair 

Fair 

Good 

3. Coat ot cooling tubayatcm, X atack coat 

5 

5 

25-50 

6> Total differential temp. *F 

20 

60 

20 

Tceii in atacking direction *F 

10 

0 

15 

Tceii in flow direction *F 

10 

60 

5 

7. Total auxiliary power req't., % 

2 

5 

1 

Stjck auxiliary power req't., X 

0.5 

3 

0.5 

Balance of ayatem auxiliary power req't., X 

1.5 

2 

.5 

8. Preaaure drop acroaa cell, in. H 2 O 

.4 

3.5 

.4 
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Figure 1. - EMct of ttmptrature ol futl c«ll volligf. 



Figure 2. • 40-kW powr plant sysltm. 
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